A novel two-dimensional complex based on the mono-vacant Keggin anion [PW 11 O 39 
Introduction
During the past decades, polyoxometalates have been successfully introduced into the field of organicinorganic hybrids as important inorganic building blocks due to their structural characteristics and potential applications in chemistry, physics and material science [1] . Moreover, their introduction has greatly promoted the development of hybrid materials so that lots of related complexes have been reported. Among these, hybrid compounds are mainly dominated by saturated polyoxometalates, namely XM 12 {[PM 12 O 40 ] 3− (M = Mo, W) [2 -6] , [XM 12 O 40 ] 4− (X = Si, Ge; M = Mo, W) [7, 8] and [BW 12 O 40 ] 4− [9, 10] } because of their higher negative charges and higher symmetry. However, hybrids based on mono-vacant Keggin anions such as XW 11 ([PW 11 O 39 ] 3− [11, 12] and [SiW 11 O 39 ] 8− [12 -16] ) have been less observed, where XW 11 anions are mainly connected by metalorganic linkers into a two-dimensional structure. After losing a {W=O} 4+ group from a saturated XW 12 anion, although the XW 11 anion still retains its large size and high negative charges, it possesses an active gap so that rare earth, alkaline earth or transition metals can be captured easily. Moreover, these captured metals are more difficult to coordinate to other organic ligands.
On the other hand, the type of coordinating organic ligands in those hybrids is limited to diethylenetriamine, ethylenediamine, DMSO, 4,4 -bipy, and 2,2 -bipy, obviously distinct from those nitrogen-rich ligands in Keggin-based compounds, which also indicates that metal ions captured by XW 11 are not modified by organic ligands. Therefore, the rational selection for organic ligands takes the key role for constructing and expanding XW 11 -based complexes.
In this paper, 2,2 -biimidazole (BIIM) is selected because it possesses two nitrogen coordination sites and two NH donors. Both nitrogen coordination sites have strong donor abilities and flexible coordination modes regarding the metal geometry or metal to ligand ratio, and can function not only in bidentate ligands chelating a transition metal, but also in bis(mono-dentate) 
units by bridging two transition metal ions. Additionally, two -NH donors can interact with hydrogen bonding acceptors via hydrogen bonds (Scheme 1) [17] . Herein we present the title compound
Experimental Section

General
All chemicals were of reagent grade as received from commercial sources and used without further purification. C, H, N elemental analyses were performed on a PerkinElmer 240C elemental analyzer. The infrared spectrum was recorded from KBr pellets on a Nicolet 170SXFT-IR spectrometer in the range of 400 -4000 cm −1 . The UV spectrum was obtained on a Shimazu UV-250 spectrometer in the range 190 -400 nm. TG measurements were performed on a Perkin-Elmer7 thermal analyzer in flowing nitrogen gas with a heating rate of 10
Synthesis of [Ni(BIIM) 3 
Crystal structure determination
The data collection was made on a Bruker SMART APEX CCD area detector diffractometer using graphitemonochromatized MoK α radiation (λ = 0.71073Å) at 293(2) K. The intensities were corrected empirically for absorption. The structure was solved by Direct Methods and refined by full-matrix least-squares routines on F 2 using the SHELX-97 program suite [18] . All non-hydrogen atoms were refined anisotropically. Crystallographic data are listed in Table 1. Selected bond lengths and angles are given in Table 2. CCDC 847708 contains the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.com.ac.uk/data request/cif.
Results and Discussion
Crystal and molecular structure of [Ni(BIIM) 3 2 
(BIIM)]·H 2 O
Hydrothermal syntheses are affected by many factors, such as the starting pH value, the original reaction materials and the temperature. During our preparation of the compound, we found that it is not sensitive to the reaction temperature in the range 150 -170
• C but to the starting pH value. If the pH value was adjusted to 5 -6, no perfect crystals were obtained except for some pink vitreous pieces. When the pH value was changed to 1 -2, a product with Keggin structure was formed. The starting pH value usually controlled at 3 is propitious to the formation of the final product.
As shown in Fig. 1 (Fig. 2) . If each [PW 11 O 39 Ni] 5− anion is considered as a three-connected node, a brick wall-like (6, 3) network can be recognized (Fig. 3) . In previously reported mono-substituted Keggin polyanions, Ni 2+ -substituted Keggin anions have been rarely seen [19] . Moreover, double XW 11 M clusters supported by the organic ligand BIIM have never been observed. [19, 20] .
Thermal properties of 1
A thermo-gravimetric analysis (TGA) was carried out under an atmosphere of N 2 . The first rapid weight loss step of 2.0 % from r. t. to 290.1 • C (calcd. 0.3 %) corresponds to the loss of water. The large deviation is attributed to the humidification of the sample. The second weight loss of 35.4 % (calcd. 33.2 %) can be observed from 390.1 to 717.6 • C, attributed to the decomposition of the 2,2 -biimidazole ligands.
UV spectrum of 1
The UV spectrum of the title complex exhibits an intense absorption peak at 272 nm corresponding to a charge-transfer absorption of O b,c →W, which is distinct from two wide intense absorption peaks in the Keggin anion [21] . If one {W=O} 4+ group is substituted by Ni 2+ the charge-transfer absorption of O t →W disappears.
